We describe a single shot off-axis digital holography based on a Mach-Zehnder interferometic scheme for measuring temperature distribution of a microheater. The proposed scheme has the capability of reconstructing object phase image which is dependent of the temperature distribution in real time. Experimental results shows that there is a moderate linear relationship between the measured phase and temperature in the range of 20 o C to 60 o C. We expect that the proposed system can provide a very reliable and fast solution in various surface temperature distribution measurement applications.
I. Introduction
Many physical properties of materials are dependent on temperature, therefore the measurement of temperature distribution is very important. For this, various optical techniques are used widely nowadays in the field of heat and mass transfer measurement [1, 2] . These methods are non-contact, non-destructive, and it can provide accurate measurement. In a group of optical methods which are called index of refraction methods, the temperature distribution is obtained by measuring the phase differences of light rays caused by variations in refractive index. In several relatively recent publications, such methods include classical interferometry [3] and holographic interferometry [4] [5] [6] [7] .
In conventional holographic interferometry, the reconstructed phase is usually calculated from three or more phase-shifted interferograms by a phase shifting technique. But, this technique requires additional experimental efforts [8] . Nowadays, with the invention of high speed microprocessors and high speed CCD cameras, digital holography has become feasible, and the digitized holographic data are processed numerically to reconstruct the images using computer programs [9] [10] [11] [12] [13] . Goodman and Lawrence [9] and Kronrod [14] were the first to use a computer for reconstructing a hologram. The zero-order diffraction and the two conjugate images overlap, in the in-line configuration. In classical holography, the influence of the conjugate image was overcome by the off-axis geometry invented by Leith and Upatnieks [15] . In digital holography, the recorded intensity A polarized light from a diode laser with the wavelength of 635 nm was collimated by a collimating lens. Three neutral density filters were used to adjust the object and the reference intensities. Shear interferometer was used to make a reference wave that can be regarded as a perfect plane wave. The object was placed at a distance do=320 mm from the CCD camera of 1,024×1,024 pixels with pixel size Δx=Δ y=6.4 μm.
Numerical reconstruction
In digital holography, both the amplitude and the phase of a wavefront can be recorded, i.e. phase differences can be calculated directly from holograms.
When an object is illuminated by a coherence light source, the scattered light has informations about the The resulting hologram is recorded by a CCD camera and mathematically described by the following expression:
Here, R * and O * denote the complex conjugate of the reference wave and the object wave, respectively. 
The reconstructed wave front is an array of com- 
where,   is the amplitude and   and   are the two components of the wave vector that must be adjusted such that the propagation direction of   matches as closely as possible with that of the experimental reference wave. By using this digital reference wave concept,
we can obtain an object wave which is reconstructed in the central region of the reconstruction plane.
Temperature distribution measurement
In order to evaluate the real temperature field of an area of the microheater, the surface temperature of the microheater was measured by using a T type thermocouple probe and was compared with calculated results based on the proposed off-axis digital holographic system.
The holograms we got as we varied the temperature of the object (microheater) were processed and analyzed by using codes written in Matlab. The whole numerical reconstruction and temperature computation process is given by the flow chart shown in Fig.   3 . The absolute phase values at a selected point of the two states (without heating and with heating) of the microheater surface were determined from reconstructed phase maps.
The phase difference provides information on the (5) where,  is the thickness of the substrate of the microheater. For our system,   mm.
The change in phase is related to the thermo-optic coefficient of the material. This is due to the change in the refractive index of the material caused by the change in temperature. From Eq. (5) and (6), the temperature of the microheater surface can be calculated as follows:
where,   is the ambient temperature measured by a thermocouple probe.
III. Results and discussion The relationship between the extracted phase and temperature is shown in Fig. 6 . It is found in Fig. 6 that there is a linear correlation between temperature and phase by the equation of     . As can be seen in Fig. 5 , we can say that the proposed temperature distribution measurement technique can provide a real time temperature map measurement capability, since we used just a single hologram for measuring the temperature map at a specific temperature.
IV. Conclusion
Real time temperature distribution of a micro-heater was measured by using a single shot off-axis digital 
